Introduction
Apoptosis is a form of programmed cell death that is regulated through gene expression and characterized by unique cellular phenomena, including chromatin condensation, deoxyribonucleic acid (DNA) fragmentation, and membrane blebbing [1, 2] . To date, apoptosis induction has been the primary action of chemotherapeutic agents used to treat cancer. The two major apoptotic pathways are the extrinsic and intrinsic pathways [3, 4] . The mitochondria play a critical role in both pathways, as mitochondrial permeation followed by a drop in mitochondrial membrane potential (ΔΨm) has been associated with the release and activation of pro-apoptotic caspases as well as reactive oxygen species (ROS) production [5, 6] . Previous studies have also reported that ROS and nitric oxide (NO) production act as a death signal in apoptosis [7, 8] .
Caspases are a family of cysteine proteases, classically known to cause several morphological and biochemical changes within the cell that lead to cell death [9] . In particular, caspase-3 activation has been known to play a pivotal role in several aspects of the apoptotic pathway, including the cytochrome c (cyt-c) release and the induction of nuclear collapse [10] . Cyt-c is a component of the electron transport chain in mitochondria, and is translocated from the cytosol to the mitochondria following the induction of apoptosis [11] . Cyt-c translocation is regulated by the protein Bax, which itself is upregulated by the tumor suppressor protein p53. Ahmad et al. [12] observed that upregulation of p53 is associated with cell cycle progression and apoptosis, which is mediated by disruption of the mitochondrial membrane.
In recent years, hepatocellular carcinoma has become one of the most common malignant cancers, and the third-leading cause of cancer-related mortalities in the world [2, 13, 14] . Hence, there is a need for the development of new agents for the treatment of this liver cancer. Several studies have indicated that the HepG2 is appropriate for in vitro studies relating to the pathology of liver cancer and the discovery for potential therapeutic agents [15] .
Extracts derived from the guava tree (Psidium guajava L.) have been widely used in traditional herbal medicines, as they are rich in tannins, terpenoids, flavonoids, guiajaverin, lectins, vitamins, phenolic, and quercetin [16, 17] . Extracts from the roots, leaves, bark, flowers, and twigs of guava are commonly used in the treatment of conjunctivitis, coughs, dysentery, gastroenteritis, skin sores, ulcers, and other diseases [18−24] . In the recent past, guava leaf extract (GLE) has been used in herbal medicine to treat hyperglycemic disorders, muscle spasms, and inflammation [17, 24, 25] . The guava plant, a member of the Myrtaceae family has been cultivated on the Jeju Island of South Korea extensively [2, 26−28] . However, to date, the mechanism of GLE-induced apoptosis in HepG2 cells has not been fully characterized. Therefore, the objective of this study was to evaluate the effect of GLE on HepG2 cell proliferation, and then investigate the mechanism underlying this effect.
Materials and Methods

Materials
HepG2 cells were purchased from American Type of Culture Collection (USA). Normal human dermal fibroblasts-neonatal (NHDF-neo) cells were obtained from Lonza (USA). Dulbecco's modified Eagle's medium (DMEM), phosphate-buffered saline (PBS), penicillin/ streptomycin, trypsin-EDTA, and fetal bovine serum (FBS) were purchased from Gibco BRL, Life Technologies (USA). Ribonuclease A solution, proteinase K and 2',7'-dichlorofluorescin diacetate (DCFH-DA) were purchased from Sigma-Aldrich (USA). The FITC Annexin V apoptosis detection kit was purchased from BD Pharmingen TM (USA). Hoechst 33342 and antibodies were purchased from Santa Cruz Biotechnology, INC (USA). 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolylcarbocyanine iodide (JC-1) Kit was purchased from Abnova Corporation (USA). Mitochondria/Cytosol Fractionation Kit was purchased from BioVision (USA). All other chemicals were of the highest grade commercially available.
Extraction of GLE
Guava leaves were collected from Jeju Island in South Korea during July 2016. Leaves (without signs of necrosis and with typical color and shape) were washed thrice with fresh water. The leaves were extracted three times with 80% aqueous methanol and filtered through a filter paper (Whatman No.1). The solvent was then evaporated at 40℃. Thereafter, the filtrate was lyophilized and kept at -80℃ for further use.
Cell culture and cytotoxicity assay
HepG2 and NHDF-neo cells were cultured in DMEM containing 10% FBS and 1% antibiotics at 37℃ under 5% CO 2 atmosphere. Cytotoxicity was measured using MTT assay. HepG2 and NHDF-neo cells seeded onto 96-well plates were pre-incubated and subsequently exposed with GLE with different concentrations (5 to 100 μg/ml) for 48 h. Afterwards, MTT stock solution (50 μl; 1 mg/ml in PBS) was added to each well and incubated for 4 h. After discarding culture medium from each well, formazan crystals were dissolved with 100 μl of DMSO. The absorbance was then measured with an ELISA reader at 540 nm.
Measurement of reactive oxygen species (ROS) production
Cellular ROS levels were detected by using the oxidation-sensitive fluorescent dye (DCFH-DA). HepG2 cells seeded onto 24-well plates were pre-incubated and subsequently exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h. Then, the cells were treated with DCFH-DA dye and incubated for 30 min. After incubation, the cells were washed with PBS. The images of the stained cells observed by using a fluorescent microscope (Axio Observer A1, Zeiss, Jena, Germany). Fluorescence intensity was quantified by an IMT i-solution Auto Ver. 9.6 software (IMT i-solution Inc., Canada).
Measurement of mitochondrial membrane potential (ΔΨm)
ΔΨm was determined by using the mitochondriaspecific lipophilic cationic fluorescence dye JC-1 detection kit (Abnova Corporation, USA) [9] . HepG2 cells seeded onto 24-well plates were pre-incubated and subsequently exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h. The cells were then treated with 50 μM JC-1 dye for 30 min in the dark. The cells were then washed with PBS and observed by using a fluorescent microscope (Carl Zeiss MicroImaging GmbH). The green monomeric of JC-1 was used in filter pairs of 485 nm/535 nm; the red aggregate was used in filter pairs of 590 nm/610 nm. Fluorescence intensity was quantified by an IMT i-solution Auto Ver. 9.6 software (IMT i-solution Inc., Canada).
DNA fragmentation assay
HepG2 cells were exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h. The cells were then washed twice with PBS (pH 7.4) and lysed in RIPA buffer [150 mM NaCl, 50 mM Tris-HCl (pH 7.5), 2 mM EDTA (pH 8.0), 1% Triton X-100, 1% sodium deoxycholate, and 0.1% SDS] for 30 min on ice. Subsequently, the lysates were centrifuged at 10,000 g for 20 min at 4℃. The lysates were then incubated with RNAase A (10 mg/ ml) for 1 h at 37℃ and then with proteinase K (10 mg/ ml) for 5 h at 50℃. Fragmented DNA in the supernatant was extracted with an equal volume of chloroform/isoamyl/alcohol phenol (1:24:25) and electrophoretically analyzed (30 min at 100 V) on 1.5% agarose gels containing 0.01% ethidium bromide (No. C-9009, BioNeer). The intensity of the bands was estimated by a ZoomBrowser EX software (Canon, USA).
Annexin V-FITC/Propidium Iodide (PI) labeling
Annexin V-FITC/Propium Iodide (PI) kit (BD Pharmingen, USA) was used to detect and measure apoptosis as described previously by Vinken et al. [31] . HepG2 cells were exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h and then rewashed in the binding buffer [2.5 mM CaCl 2 , 0.14 M NaCl, 0.01 M Hepes/NaOH (pH 7.4)]. Next, HepG2 cells were incubated with binding buffer containing Annexin V-FITC and PI in the dark for 15 min at room temperature. Culture dishes were washed twice with cold PBS and observed to fluorescence microscopy (Carl Zeiss MicroImaging GmbH, Germany).
Nuclear staining with Hoechst 33342
To stain the nuclei, HepG2 cells were exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h and then washed in PBS and fixed in 4% formaldehyde for 10 min. The fixed cells were rewashed with cold PBS and stained with a Hoechst 33342 solutions at room temperature in the dark. The nuclear fragments were observed by using a fluorescent microscope (Carl Zeiss MicroImaging GmbH).
Protein extraction and western blotting assay
Western blotting was performed to determine the protein expression according to standard procedures [11] . HepG2 cells were exposed with the GLE with different concentrations (5 to 100 μg/ml) for 48 h and then lysed in lysis RIPA buffer. For separate extraction of mitochondrial and cytoplasmic proteins, a Mitochondria/Cytosol Fractionation Kit from BioVision (USA) was used following the manufacturer's instructions, and protein concentration of cell lysates was determined by using the bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific, USA). Equal amounts of protein were loaded for 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica). The PVDF membranes were blocked with 5% nonfat dry milk in TBS-T (0.1% Tween 20) . The membranes were then incubated with the primary antibodies (1:1000 dilutions) at 4℃ overnight, and then incubated with secondary antibodies (1:5000 dilutions) for 2 h at room temperature. The signals were quantified by using LAS-4000 imaging system (FUJIFILM, Japan).
Statistical analysis
All data are presented as the mean ± standard deviation (SD). Significant differences among the groups were determined using the unpaired Student's t-test. The differences were considered statistically significant at 
Results
Cell viability in HepG2 cells exposed to GLE
The cell viability of GLE against HepG2 cells were examined by using the MTT assay. GLE exhibited growth inhibition on HepG2 cells in a dose-dependent manner. As illustrated in Fig. 1A , the percentages of HepG2 cell viability exposed to the GLE at 5, 20, 50, and 100 μg/ml were 81.85%, 70.65%, 53.19%, and 31.09%, respectively. In addition, the cell viability of GLE in NHDF-neo cells was examined using the MTT assay at 5, 20, 50, and 100 μg/ml. As shown in Fig. 1B , GLE (5, 20, 50, and 100 μg/ml) exhibited no cytotoxicity against NHDF-neo cells, and hence were selected for the subsequent studies.
Induction effects of apoptosis in HepG2 cells by GLE
To evaluate whether GLE possess apoptotic effect on HepG2 cells, we observed the influence on cell morphology by GLE using light microscopy. Fig. 2A shows that the morphology of the cells was affected by incubation with GLE for 48 h, whereas untreated HepG2 cells appeared to exhibit normal morphology. The cells appeared to shrink when treated with 20 μg/ml GLE, and the majority of cells exposed to GLE at 100 μg/ml lost their typical flat polygonal shape. Fluorescent microscopy was subsequently used to further determine the impact of GLE on HepG2 cell morphology, with Hoechst 33342 dye to stain the nucleus (Fig. 2A) . The nuclei of untreated cells diffused uniformly, whereas the nuclei of GLE-treated cells exhibited nuclear condensation and fragmentation. The intensity of fluorescence indicating nuclear condensation appeared to increase in a dose-dependent manner, up to GLE concentrations of 100 μg/ml. DNA fragmentation is known to produce a characteristic DNA ladder, which is widely regarded as a hallmark of apoptosis. As shown in Fig. 2B , apoptosis was detected by DNA fragmentation using the DNA ladder assay. The control without the GLE showed no DNA damage. By way of contrast, obvious DNA damage was showed in the GLE-exposed cells (Fig. 2B) .
GLE-induced ROS production in HepG2 cells
ROS production is a pivotal action of mechanism in mitochondrial dysfunction, and further contributes to the apoptosis induction in HepG2 cells [28] . Hence, we attempted to determine whether GLE exposure in HepG2 cells increases ROS generation by measuring intracellular ROS levels using the fluorescence probe DCFH-DA. As shown in Fig. 2C , the ROS generation of the control without GLE was recorded as 6%, whereas that of the cells treated with GLE was recorded as 8, 16, 45, and 93% at 5, 20, 50, and 100 μg/ml, respectively. Especially, GLE was significantly increased the ROS generation at 20, 50, and 100 μg/ml. The increase in ROS production observed in this study further suggests that the generation of ROS is a pivotal mechanism of action involved in GLE-induced apoptosis in HepG2 cells.
Disruption of mitochondrial membrane potential (ΔΨm) in HepG2 cells incubated with GLE
Disruption of ΔΨm is a critical event in triggering apoptosis. To investigate the disruption of ΔΨm during apoptosis induced by GLE, cells were stained with potential-sensitive fluorophore JC-1 and monitored with a fluorescence microscope. In mitochondria under normal condition, JC-aggregates form emits red fluorescence, while in apoptosis, JC-1 remains as the monomeric form in the cytoplasm and become green fluorescence. Treatment of HepG2 cells with GLE (50 and 100 μg/ml) resulted in loss of red fluorescence and appearance of green monomer fluorescence in the cytoplasm. As shown in Fig. 3A , JC-1-stained untreated cells as red fluorescence (polarized state of ΔΨm) in mitochondria; however, GLE-treated cells were stained as green fluorescence (depolarized state of ΔΨm), suggesting that GLE changes the ΔΨm levels.
Effects of GLE on HepG2 cell membrane phosphatidylserine content
Membrane phosphatidylserine content in HepG2 cell was evaluated by Annexin V-FITC/PI double staining. During apoptosis, externalization of phosphatidylserine occurs via translocation from the inner leaflet of the cell membrane to the outer leaflet. Phosphatidylserine then binds to Annexin V, which is detectable by green fluorescence. The membranes of late apoptotic or necrotic cells are permeable to PI and can be detected by red fluorescence. In the present study, untreated cells stained negative for both PI (red) and FITC Annexin V (green) (Fig.  3B) . On the contrary, GLE-treated groups exhibited annexin-V-positive and PI-negative cells that the cells were in the early stages of apoptosis. Annexin-V/PI staining of HepG2 cells exposed to higher concentrations of GLE (50 and 100 μg/ml) suggested that these cells were at a late apoptotic stage or necrotic. Taken together, these findings provide strong evidence that GLE induced apoptosis in HepG2 cells.
Effects of GLE on the expression of Bcl-2, caspase family proteins, and cyt-c leakage in HepG2 cells
To investigate the mechanism involved in the induction of apoptosis by GLE on HepG2 cells, we determined the effect of the GLE on protein expression related to apoptosis by western blotting. The Bcl-2 family proteins, including the pro-apoptotic Bax and anti-apoptotic Bcl-2 proteins, regulates the ΔΨm and activates the caspase cascade. It is a common characteristic in the death of cell that cytochrome c (the mitochondrial apoptogenic factor) was released from mitochondria into the cytoplasm. As the results in Fig. 4A show, GLE (50 and 100 μg/ml) exposure upregulated the expression of p53 and Bax and downregulated the expression of Bcl-2 compared to that in untreated HepG2 cells, in a dose-dependent manner. In addition, the role of mitochondria in GLE-induced apoptosis of HepG2 cells was confirmed by measuring (5, 20, 50 , and 100 μg/ml). The protein expression levels were detected using western blot analysis. The density ratio of the protein expressed in the untreated cells was considered to represent 1-fold. The data is expressed as mean folds of the protein expression versus untreated cells. The values are expressed as the means ± S.D. of triplicate experiments. *p < 0.05 and **p < 0.01 indicate significant differences compared with the untreated cells.
http://dx.doi.org/10.4014/mbl.1806.06001 levels of both cytosolic and mitochondrial cyt-c. As shown in Fig. 4B , GLE led to increase in cyt-c within the cytosol fraction, whereas cyt-c decreased within the mitochondrial fraction. These results suggest that the mitochondria have a direct role in GLE-induced apoptosis in HepG2 cells.
To further investigate the mechanisms by which GLE affects the caspases, HepG2 cells were exposed with GLE, and the cleaved caspase-3, -8, and -9 expression were measured. GLE exposed markedly increased the cleaved caspase-3, -8, and -9 expression in a dose-dependent manner (Fig. 4C) .
Discussion
P. guajava is rich in antioxidants, vitamins, phenolics (caffeic acid, p-hydroxybenzoic acid, and gallic acid) and phytochemicals [16, 29] . Previous studies have shown that P. guajava effectively induces cytotoxicity, suggesting its potential as an anticancer agent [20, 30] . These effects are most likely due to the presence of phenolic compounds [22, 31] . Polyphenolic compounds elicit anticancer effects in a variety of cancer cells such as SNU-16, HepG2, and human gastric carcinoma cell lines [32, 33] . P. guajava has high amounts of phenolic compounds. Chen et al. [34] reported that guava leaf extract with high flavonoid (8.29 ± 0.22 g/100 g) and polyphenolic acid (16.56 ± 10.39 g/100 g) content inhibited brainderived metastatic prostate cancer. In addition, Kaneko et al. [35] indicated that the safety of P. guajava has been reported in food-drug interactions in various systems within animals. However, the mechanisms responsible for apoptosis induction by GLE on HepG2 cells has been still unclear. Therefore, in this study, we have demonstrated that GLE induces apoptosis in HepG2 cells. Treatment with 20, 50 and 100 μg/ml GLE for 48 h resulted in significant inhibition in cell viability (Fig.  1A) . In order to assess the safety of dosage, we examined GLE toxicity in NHDF-neo cells. There are no significant affects on NHDF-neo cells growth (Fig. 1B) . A critical cellular target of GLE may induce cytotoxicity in HepG2 cells.
Apoptosis plays a pivotal role in inhibiting tumorigenesis [8] . In this study, the anticancer properties of GLE were investigated in HepG2 cells, by determining whether GLE exposure induces classic morphological features that are associated with apoptosis. In a previous study, Lee and Park [27] found that treatment with extracts from guava branch induced chromatin condensation in human colon cancer cells. In this study, changes in nuclear morphology, such as chromatin condensation, were observed in GLE-exposed cells upon staining with Hoechst 33342, further supporting that GLE induced apoptosis in HepG2 cells. GLE treatment iuced the formation of apoptotic bodies (Fig. 2A) . These results are similar to those of studies that have investigated the apoptotic effects of GLE in HT-29 [27] and NB4 cells [30] . Furthermore, DNA cleavage is another biochemical hallmark of apoptosis, and was observed in HepG2 cells incubated with GLE. GLE treatment induced DNA fragmentation in HepG2 cells, whereas untreated cells without GLE observed no evidence of DNA fragmention (Fig. 2B) . These results suggest that the HepG2 cells may undergo apoptosis after GLE pretreatment, and there is a good correlation between the extent of apoptosis and the inhibition of cell growth.
The features of apoptosis were also altered by mitochondrial and caspase pathways [36] . The change in the ΔΨm was suggested to be an essential factor responsible for inducing apoptosis [32] . ROS production is known as a trigger for mitochondria-mediated apoptosis. Numerous investigations have indicated that an increase in ROS-mediated cellular changes can induce apoptosis in a wide variety of cancer cells, including HepG2 and Hela cells [5, 12, 37, 38] . Therefore, we attempted to investigate whether GLE exposure induces ROS generation in HepG2 cells by measuring the intracellular levels of ROS via DCF-DA staining. In the present study, GLE caused a substantial increase in the ROS levels in a dose-dependent fashion. Especially, the maximum ROS generation with a 15-fold increase relative to the untreated cells, was exhibited after exposure with 100 μg/ml GLE (Fig. 2C) . Liu et al. [32] exhibited that the apoptosis of HepG2 cells induced by ROS.
On the contrary, the consequence of mitochondrial ROS increase is the activation of the mitochondrial permeability transition pore [37] . The images of HepG2 cells with GLE were shown in Fig. 3A . In the untreated cells, JC-1 stained with red fluorescence, however, GLEexposed cells stained with green fluorescence. These results indicated that GLE can indeed alter the levels of mitochondrial membrane potential. Therefore, GLE might mediated its induction of apoptosis on HepG2 cells by mechanisms involving the mitochondrial dysfunction.
To further confirm, apoptotic features of GLE, the FITC-Annexin V and PI dual staining were employed. The changes of cell morphology, including cell shrinkage, membrane permeability, and chromatin condensation involved in the occurrence of apoptosis [39, 40] . It is divided into early and later stages in the apoptotic process, and can be distinguished by using cell staining assay. In early stages of apoptosis, the loss of cell membrane asymmetry lease to exposure of phosphatidylserine (PS) residues (normally hidden within the plasma membrane) on the surface of the cell [41] . FITC-Annexin V binds to the phospholipid pohosphatidylserine, and come to outer membrane in dying cells, mainly used for detection but cannot enter the cell. PI was impermeable to live and apoptotic cells, but permeable to dead cells. Based on the result, exposed HepG2 cells with various dosages of GLE were found to be FITC-Annexin V and PI positive, which are the signs of early and late apoptosis, and necrosis (Fig. 3B) . Similar reports were found by a mechanism of ethanol [42] , long-chain vitamin E metabolites [43] and harmine [13] mediated apoptosis in HepG2 cells.
Cyt-c release from mitochondria triggers caspase activation and is tightly regulated by a variety of factors such as Bcl-2 and Bax [7] . Bax is considered to be the critical pro-apoptotic Bcl-2 family member, whereas overexpression of Bcl-2 has been reported to protect tumor cells from apoptosis. Bax induces the cyt-c release, which activates the executioner caspase-3 in apoptosis [44] . Furthermore, p53 additionally plays a pivotal role in apoptosis and can directly induce the mitochondrial release of cyt-c in HepG2 cells [1, 3] . Our data indicated that GLE exposure in HepG2 cells also induced an increase in p53 expression level. Also, GLE reduced the Bcl-2/Bax proportion, increased the expression level of cytosolic cyc-c (Fig. 4A, B) .
Several studies have reported the importance of a variety of toxins and chemicals in triggering caspase activation during apoptosis [30, 33] . In our study, an increase in the cleaved forms of caspase-3, -8, and -9 was observed in GLE-exposed HepG2 cells. As a result, the cleaved caspase-3, -8, and -9 expression increased in exposure to GLE (Fig. 4C) and, suggesting that GLEinduced apoptosis involves the mitochondrial pathway of apoptosis.
Several studies have focused on the isolation of phytochemicals from guava leaves, and those phytochemicals have been found to show promising anti-cancer effects. Previous studies have revealed that guavinoside C and guavinoside F demonstrates cytotoxicity in Hela cervical cancer cells, SGC-7901 gastric cancer cells and A549 adenocarcinomic human alveolar basal epithelial cells [45] . β-caryophyllene oxide, a sesquiterpene, also exhibited apoptosis induction in human prostate and breast cancer cells [46] . In addition, genistein exhibited inhibition of proliferation and induction of apoptosis in HT-29 colon cancer cells [47] . Oleaonic acid has also been reported to induce apoptosis in human leukemia cells [48] .
In conclusion, the present study shows that the antiproliferative effects of GLE observed in HepG2 cells are most likely due to the induction of apoptosis. GLE caused a significant increase in the cleaved forms of caspases. Moreover, the mitochondrial pathways of apoptosis were activated in HepG2 cells following GLE exposure, as evidenced by the downregulation of Bcl-2 and upregulation of Bax and p53 and the release of cyt-c from the mitochondria into the cytosol. These findings suggest that other polyphenols and perhaps other unknown active components in GLE are responsible for inducing apoptosis in HepG2 cells through ROS-mediated mitochondrial fission. P. guajava represents a promising candidate for the development of novel therapeutic agents to treat liver cancer.
